Abstract: Objective Exercise is known to enhance circulating brain-derived neurotrophic factor (BDNF) levels in healthy humans. BDNF changes have been measured in endurance but not in strength exercise. The present study aimed to investigate whether anaerobic activity such as sprinting differentially alters basal plasma BDNF concentration. Methods Brazilian sprinters (100 m) at either the international (Olympics and Outdoor World Championships) (n = 14) or the domestic level (n = 8), and sedentary subjects (n = 15), were recruited. Plasma BDNF concentrations were analyzed by enzyme-linked immunosorbent assay. Results The basal plasma BDNF concentrations were signifi cantly higher in the international and the domestic sprinters than in the sedentary subjects. In addition, sprinters at the international level had higher plasma BDNF concentrations than those at the domestic level. Conclusion Our fi ndings suggest that increased basal plasma BDNF level is related to enhanced exercise performance.
Introduction
Brain-derived neurotrophic factor (BDNF) plays important roles in neurons by promoting and improving plasticity, retarding cell death, inducing regeneration, and stimulating survival [1] . BDNF is produced and secreted within the central nervous system and peripherally [2] by vascular endothelial cells [3] , skeletal muscle cells [4] , smooth muscle cells [4] and immune cells [5] . Since BDNF crosses the blood-brain barrier in both directions, it is thought that circulating BDNF is transported into the brain and contributes to homeostasis [6] . BDNF synthesis is centrally mediated and activity-dependent, and it has been suggested that physical exercise activates various systems by which BDNF influences energy metabolism and neural plasticity [7] .
Although it is well-known that exercise increases BDNF transcription in the brain [8] , recent findings have reported that physical exercise, mostly aerobic endurance exercise, enhances circulating BDNF levels in healthy humans [9] [10] [11] [12] [13] [14] [15] [16] . Interestingly, neither high-intensity strength exercise [17] nor general strength training [25] induces any significant changes in BDNF levels. An elegant review has compared the effects of high-intensity exercise and/ or training on BDNF in healthy subjects with the effects in subjects with chronic diseases [7] . Since the release of BDNF is influenced by aerobic training, which increases the release at rest [16, 18] , increased circulating BDNF may depend on the level of physical exertion as well as fitness. In a study by Zoladz and collaborators [18] employing a group of athletes competing in various athletic events (sprinters, jumpers, and distance runners), the basal BDNF levels were compared between trained and untrained sub- Data of BDNF levels were presented as mean ± SEM.
Results
There were no statistical differences in age, height or weight among the groups ( Table 1 ). The basal plasma BDNF Weight (kg) 79.9 ± 13.9 78.6 ± 11.8 80.9 ± 6.6
Discussion
A growing body of evidence shows that physical exercise increases the circulating BDNF concentrations in healthy humans [9] [10] [11] . Changes in circulating BDNF level after endurance exercise have been reported [16] . The novel fi nding of the present study was that short-distance running events such as sprinting particularly enhanced basal plasma BDNF concentrations in humans. To our knowledge, few studies have explored the effect of sprint activities alone on blood BDNF level. Recently, Winter et al. [19] reported that short-duration and high-intensity running (2 runs to exhaustion, lasting 3 min each, with a 2-min break) leads to a signifi cant increase in plasma BDNF concentration in healthy men. In a subsequent study, Zoladz and collaborators [18] reported higher basal plasma BDNF concentrations in athletes than in untrained subjects. Nevertheless, the comparison was made based on athletes from different events, i.e. sprinters, jumpers and distance runners. Other studies on this topic (which did not include experimental intervention protocols) have reported lower concentrations of blood BDNF at rest in trained than in untrained subjects. For example, using a questionnaire, Chan et al.
found lower serum BDNF levels in subjects with more than 30 times of 30-min exercise per month, who were not elite athletes, than in subjects with no exercise or with 130 times of 30-min exercise per month [20] . In another investigation revealing decreased serum BDNF levels in trained men, the 'trained' group which included 7 distance runners, one sprinter, 3 tennis players and one badminton player [21] , was not matched for mode or volume of training, and it is essential to determine the exercise parameters (i.e.
intensity, duration and mode) that are necessary to induce an increase in blood BDNF concentration.
The effects of other short-duration intensive exercise, e.g. strength training, on circulating BDNF concentration have been investigated. In a study by Goekint et al. [15] , a period of strength training in sedentary subjects did not significantly change the concentration of growth factor compared to the control group. Another study reported that the resting concentration of BDNF was not infl uenced by strength training in young subjects [14] . Maximal speed and strength are known to be important determinants of sprint performance [22, 23] . Concentric and eccentric muscle strength are correlated with sprint performance because they refl ect sprinting in both the duration and the application of force. However, although strength is one feature of sprint athletes, other factors may contribute to BDNF changes.
For instance, our fi ndings may be attributed to the specifi c physiological characteristics found in sprint activities. We have to take into account that sprinters may also engage in some aerobic training. In fact, aerobic metabolism may play a more active role in sprint-based events than previously thought. This is true especially in the 200-and 400-m sprint events. For instance, a study of elite sprinters has suggested that aerobic energy sources account for 29% of energy in 200-m and 43% in 400-m races [24] . Nevertheless, here we evaluated only 100-m sprinters, so this component had less impact. Therefore, the differences in BDNF values between strength-and sprint-trained subjects may be partly due to the specifi c form of training. Heavy resistance exercise used in previous studies [14, 15] was not combined with explosive types of weight training or speed concentrations in the international and the domestic sprinters were both higher than those in sedentary subjects (P < 0.05).
In addition, the mean basal BDNF value in sprinters at the international level was higher than that in the domestic-level sprinters [F(2.32) = 24,694); P < 0.05] (Fig. 1) .
and reaction time exercise. Besides these specifi c characteristics, we also have to consider the nature of the highly competitive athletes employed in our study in comparison with the sedentary healthy subjects participating in exercise training programs.
The limitations of this study should be considered when interpreting the results. Although the sample size was relatively small, significant differences were found among groups. However, with a larger sample size, a correlation between duration of participation in specifi c ath- In sum, we suggest that increased basal plasma BDNF concentration may be related to enhanced exercise performance [25] . This may also apply to other sports modalities. However, the results must be interpreted with care as we consider the alactic component of anaerobic exercise. It remains to be determined whether basal BDNF concentrations differ among highly competitive athletes from different disciplines.
